Even though the sensitivity of direct dark matter search experiments reach the level about 10 −45 cm 2 , there is no confident signal of dark matter been observed. We point out that, if dark matter is a vector boson, the null result in direct dark matter search experiments may due to the destructive effects in dark-matter-nucleon elastic scattering. We illustrate the scenario using a modified Higgs portal model that includes exotic quarks. The significant cancellation can occur for certain mass gap between heavy quark and dark matter. As a result, the spin-independent dark-matter-nucleon elastic scattering is so suppressed that the future direct search experiments can hardly observe the signal of dark matter.
I. INTRODUCTION
The current dark matter relic abundance in our Universe has been measured by WMAP [1] and recently by Planck [2] with the combined value Ω DM h 2 = 0.1199 ± 0.0027.
However, we have very little knowledge about dark matter. The nature of dark matter particle is one of the most challenging problems in particle physics. The most attracting candidate is the weakly interacting massive particle (WIMP). Certainly, Standard Model (SM) in particle physics has no proper candidate. There are many proposals beyond the SM such as the lightest neutralino in supersymmetry [3] .
The searches of dark matter can be categorized into three categories: collider experiment, which looks for the signal of missing transverse momentum that is contributed by dark matter produced from the collision of two SM particles; direct detection experiment, which searches for the scattering of dark matter off atomic nuclei; indirect detection, which looks for the products of dark matter annihilation in our Universe. Recently, disagreements between astrophysical background and observation that may be the hint of dark matter have been observed in cosmic gamma-ray [4, 5] and positron data [6, 7] . But direct detection is required to show the existence of dark matter.
Null results from the direct search constrain the scattering cross section between dark matter and nucleus. The current upper bound of WIMP-nucleon scattering cross section about 10 −45 cm 2 is set by LUX experiment [8] . Therefore, the crucial question we might ask is why the scattering cross section is so tiny that these sophisticated detectors are incapable of the detection of dark matter. It may be simply because the mass of dark matter is not within the sensitive region of these detectors or interaction between dark matter and nucleon is extremely small. In this paper, we point out that, for a vector dark matter particle, cancellation between Feynman diagrams can naturally happen. As a result, we are able to realize the tiny spin-independent elastic scattering cross section between dark matter and nucleon. For illustration, we study a simple model in which the dark matter candidate is a SM singlet spin-1 gauge boson associated with U(1) X in dark sector. When heavy quarks are included, the scattering cross section can be highly suppressed.
The rest of paper is organized as follows. We begin in Sec. II with an introduction of the model. In Sec. III, we calculate the elastic scattering cross section and show the cancellation between diagrams. Our conclusion appears in Sec. IV.
II. VECTOR DARK MATTER
Spin-1 vector dark matter appears in many popular models, such as Kaluza-Klein photon in universal extra dimension [9] [10] [11] [12] and T-odd photon in Little Higgs model with Tparity [13] [14] [15] [16] [17] [18] . Here we consider a simple model that includes dark matter interactions to quarks in the Higgs portal model.
Dark matter particle is a vector boson associated with gauge symmetry U(1) X [19] [20] [21] [22] [23] [24] .
The gauge invariant Lagrangian can be written as
where field strength tensor X µν = ∂ µ X ν − ∂ ν X µ , X µ is dark matter field, M X is mass of dark matter particle and H is SM Higgs field. The last term describes the interaction between dark matter and the SM Higgs boson and contributes to mass of dark matter after electroweak symmetry is broken. The mass of vector dark matter is given as m
where v is the Higgs VEV. Two SM SU(2) L singlet right-handed quark fields q 1 and q 2 are introduced. The Lagrangian is then given as
where g 1 and B µ are the gauge coupling strength and gauge field of SM U(1) Y , respectively; g X is the gauge coupling strength of
is the hypercharge of
is U(1) X charge for q 1 (2) . We can transform q 1 and q 2 to the right-handed SM quark and heavy exotic quark q and q H as
With Y
The last term of Eq. (5) 
III. ELASTIC SCATTERING CROSS SECTION
Elastic scattering between dark matter X and quark inside the nucleon involves three diagrams as shown in Fig.1 .
FIG. 1. Three Feynman diagrams for vector dark matter scattering with quark: (a) t-channel
Higgs mediated, (b) s-channel heavy quark mediated and (c) u-channel heavy quark mediated.
Following calculations in [11] , we calculate the dark-matter-nucleon scattering amplitudes M h and M q H for the Higgs-mediated ( Fig. 1(a) ) and heavy-quark-mediated ( Fig. 1(b) and Fig. 1(c) ) diagrams, respectively. In non-relativistic limit, we have
where
The coefficients γ q , S q and A q can be derived as
Note that γ q and S q contribute to so-called spin-independent (SI) cross section, while A q is related to spin-dependent (SD) cross section.
In the extreme non-relativistic limit, the elastic scattering cross section between dark matter and nuclear can be divided into two cases: scalar interaction and spin-spin interaction. The "standard" total cross section at zero momentum transfer σ scalar 0
and σ spin 0
[3] can be obtained as
where m N is the mass of unclear, Z and A are, respectively, nuclear charge and atomic number, while f p(n) is the dark matter effective scalar coupling to proton (neutron) and can be expressed as
Numerically, we adopt f [25] . The contribution of gluon content of the nucleon is included in γ q [3, 11] .
For spin-spin interaction term,
where J is nuclear spin, a p(n) is effective spin-spin interaction of dark matter and proton (neutron), S p(n) /J is the fraction of the total nuclear spin J carried by protons (neutrons).
We take ∆ [26] . The one nucleon normalized spin-independent and spin-dependent scattering cross section to be compared to the experimental results are
We notice that the spin-independent cross section relies on f p(n) in Eq. (12) . Therefore, σ SI p(n) could be far below the sensitivities of current experiments if f p(n) is tiny. It is possible to naturally make effective coupling f p(n) small if there is a destructive effect between γ q and S q in Eq. (12) . Such a destruction can be achieved when the sign of the coupling λ XH is negative. Meaning that the mass of dark matter shifts to a smaller value after the electroweak symmetry is broken.
In Fig. 2 , we show the SI elastic scattering cross section between dark matter X and proton, compared with current limits from XENON100 [27] and LUX 2013 [8] . smaller value when the heavy exotic quark mass to dark mater mass ratio r = m q H /m X gets larger. This behavior can be easily understood as follows. Since (1 + r 2 )/(1 − r 2 ) 2 in Eq. (9) is a decreasing function for r > 1, a smaller m X is then required for a complete cancellation when heavy quark q H is heavier (i.e. m q H /m X is larger)
The contour in Fig. 3 shows the parameter space where the SI cross section is below the projected sensitivities of upcoming LUX and future XENON experiments. We show that, when the heavy exotic quark is heavier than the vector dark matter within a certain range, the scalar interaction of dark matter and nuclear can be suppressed significantly.
As a result, it is extremely challenging to detect the dark matter, even for the detectors with high sensitivity in the future experiments. For illustration, we adopt the benchmark couplings λ XH = −0.05 and λ q H = 0.1. As seen in Fig. 3a , for dark matter mass from 100
GeV to 500 GeV, the σ SI p(n) is below the value that can be detected by the future XENON 10T experiment, if the mass difference between heavy exotic quark and dark matter (∆m) is about 35 GeV ∼ 55 GeV (or about 8% ∼ 50% of m X shown in Fig. 3b) . The feature is that the heavier dark matter needs a smaller value of ∆m/m X for a complete cancellation.
For spin-dependent cross section, the results are shown in Fig. 4 and Fig 
IV. DISCUSSION AND CONCLUSION
The sensitivity of dark matter direct search has reached down to the level of 10 −9 pb for dark-matter-nucleon spin-independent elastic scattering cross section. However, there is no positive signal observed. In this paper, we point out the possibility that the null result in direct dark matter search experiments may due to the destructive effects in dark- Our results show that when the mass difference between the heavy exotic quark and dark mater (∆m = m q H − m X ) is within a certain range, the reduction in SI cross section is so significant that even the future XENON 10T experiment can hardly observe the signal of dark matter. For a heavier dark matter particle, the ratio ∆m/m X should be smaller for the significant cancellation to occur. We also calculate the SD cross sections, which could constrain the coupling of dark matter to quarks. However, the current limit is still quite loose, therefore the constraints from both neutron and proton data are not stringent.
Finally, we comment on the relic abundance. In our scenario, the vector dark matter annihilation processes are similar to the T-odd photon in the Littlest Higgs model with T-parity. It is shown [17] that the T-odd photon can nicely explain the relic abundance. Therefore, the vector dark matter in our study will satisfy the observation of relic abundance as well.
